Abstract Maintaining the international normalized ratio (INR) within the therapeutic range in patients on oral anticoagulant treatment is a challenge for the physician. Excessive anticoagulation poses the risk of bleeding in patients. Management strategies vary among clinicians although standard guidelines exist for the same. We conducted an audit in patients on oral anticoagulant therapy in our hospital with excessive anticoagulation. This retrospective study was carried out among patients on oral anticoagulant therapy for various thrombotic conditions with at least a single INR recording of 5 or more. Other than demographic details, the type of oral anticoagulant used, indication, duration of treatment, dosage and concomitant use of interacting drugs or alcohol were also recorded. Detail of the nature and site of bleed and management for the same was also noted. Data were analyzed using descriptive statistics. Fifty episodes with INR C 5 (5.0-10.75) were noted in 44 patients (M:F = 1:1). Their age ranged from 20 to 88 years (mean 50.3 ± 16.4 years). The duration of anticoagulant therapy varied from 3 days to 180 months. Of the 43 episodes in patients who had no bleeding, the anticoagulant was stopped on 32 occasions for variable periods with dose reduction in the rest of the patients. Spontaneous bleeding was seen in seven patients (6 major and 1 minor). Among the seven patients with bleeding, other than stopping he oral anticoagulant drug, other measures taken were vitamin K therapy, fresh frozen plasma or packed red cell transfusion. Overall management strategy of patients with high INR was in compliance with standard recommendations.
Introduction
The number of patients on oral anticoagulant treatment has increased manifold over the past few decades. Maintaining the international normalized ratio (INR) within the therapeutic range is a challenge for the physician to achieve maximal therapeutic benefit of oral anticoagulants in patients. Adequate anticoagulation reduces the risk of life threatening thrombosis; however there is an increased risk of bleeding complications due to over anticoagulation that may occur during the course of therapy [1] . The risk of bleeding increases with increasing INR in patients on anticoagulation [2] and most minor and major bleeds occur in patients with INR of more than 5 [3] . Physician response to excessive prolongation of INR ranges from simple withholding of anticoagulants to intravenous vitamin K therapy and/or blood/plasma support depending on the presence of active bleeding [3] . Data on management of high INR values in anticoagulated patients has shown that these patients face a significant risk of major hemorrhage [4] .
We present an audit in patients on anticoagulant therapy in our hospital with an INR of five or above.
Materials and Methods
This retrospective study was carried out in a tertiary care hospital in North India. Case records of patients with at least a single INR recording of 5 or more seen over a period of 2 years were studied. These patients were on oral anticoagulant therapy for various clinical indications. Demographic details on age, sex, rural or urban background and education status were also noted.
Other details noted were the type of oral anticoagulant agent used (nicoumerol or warfarin), indication for anticoagulation, duration of treatment, dosage of anticoagulant, whether same or alternating strengths were used and concomitant use of interacting drugs or alcohol. The nature of bleeding, whether minor or major, spontaneous or traumatic and the site of bleeding was recorded. The bleeding was considered to be major if it required treatment, medical evaluation or at least two units of blood [5] . Also noted were the action taken by the clinician after the high INR recording (lowering of dose or stopping the drug), time after which a repeat INR was checked, the dose on which treatment was re-started and number of INRs in the therapeutic range (of the last four consecutive recordings). Therapeutic intervention for the raised INR (vitamin K injection or blood/FFP (fresh frozen plasma) transfusion), clinical response, pre-and post-transfusion hemoglobin, morbidity and mortality in patients was also recorded. Data were analyzed using descriptive statistics.
Results

Demographic Information
There were 50 episodes with INR C 5 noted in 44 patients. There were equal number of males and females in the study (M:F = 1:1). The age of the patients ranged from 20 to 88 years with a mean age of 50.3 ± 16.4 years. Twentysix (59.1%) patients belonged to the urban background while 18 (40.9%) were from rural areas. Of the 50 episodes of high INR, 26 were noted in inpatients and 24 in outpatients.
Duration of Anticoagulant Therapy
The duration of anticoagulant therapy in patients with INR C 5 ranged from 3 days to 180 months. The details of the duration of therapy are shown in Fig. 1 . On 24 occasions (48%) when the INR was C 5, the anticoagulant therapy had been initiated within the last 3 months.
INR Range
The INR in the patients included in this study ranged from 5.0 to 10.75. Individual INR in these patients is shown in the scatterplot (Fig. 2) . For most clinical conditions, an INR range of 2.0-3.0 was considered as therapeutic while for patients with prosthetic valves, a higher INR range of 2.0-3.5 was considered therapeutic. The raised INR was rechecked to confirm the abnormal value only on 4 (8%) occasions.
Anticoagulant and Strength Used
The anticoagulant drug used in most (98%) of the patients was nicoumerol (acitrom) with only one patient (2%) on warfarin. Same strength of the anticoagulant was prescribed by the clinician in 70% of the patients while 30% of them were on alternating strengths.
Indications for Anticoagulation
The clinical indications for which anticoagulation was started in patients are shown in Table 1 .
Action Taken in Non Bleeding Excessively Anticoagulated Patients
Of the 43 episodes in patients with INR C 5 who had no bleeding, the anticoagulant was stopped on 32 occasions for variable periods. The detail of the duration of anticoagulation stoppage is given in Fig. 3 . In one patient, no documentation was available on the action taken. In the remaining 10 occasions, the dose of the anticoagulant drug was reduced.
Bleeding in Excessively Anticoagulated Patients
Of the 50 episodes of INR C 5, seven (14%) were associated with bleeding which was spontaneous in nature. Major bleeds were seen in six patients and minor in one Table 2 .
Treatment in Excessively Anticoagulated Bleeding Patients
Among the seven patients who had bleeding, other than stopping the oral anticoagulant drug, other measures taken were vitamin K therapy, FFP or packed red cell transfusion. Detail of the therapy given in these patients is shown in Table 3 .
Restarting the Anticoagulant
After the high INR reports in 39 patients (32 non bleeders and 7 bleeders) in whom the anticoagulant was stopped, the anticoagulant drug was restarted with the reduced dose on 30 occasions. The same dose was restarted in three occasions. Anticoagulation was stopped indefinitely in two patients because of co-morbid conditions while in two patients anticoagulation was discontinued as they were Fig. 3 Shows the duration of stoppage of anticoagulation therapy in 40 non bleeding patients who were managed conservatively. In two patients, the anticoagulant therapy was stopped indefinitely while no documentation of the action taken was present in one patient 
taken up for elective surgery. One patient was lost to follow up and in one patient, the anticoagulant drug was changed (acitrom to warfarin).
Drug Interactions and Co-Morbid Illness
Two patients were on concomitant antiplatelet drugs (aspirin and clopridogrel) while one patient was on low molecular weight heparin. One patient had cirrhosis of the liver.
Discussion
Our study has shown that majority of the patients who had excessive anticoagulation were managed in line with standard guidelines. The management ranged from withholding the anticoagulant to treatment with vitamin K, FFP and/or blood transfusion. Standard guidelines exist on managing patients who are excessively anticoagulated [6] . However, adherence to these guidelines is variable [7] .
The high INR value was rechecked on only four (8%) occasions in the present study. In a study by Bussey et al. [8] , 10-20% of laboratory INRs were erroneous and almost one half of them were higher than 4.5. Laboratory errors need to be considered carefully before taking action on an unusually high INR value. Rechecking abnormally high INRs should be done to avoid inappropriate management decisions in patients with unexpectedly high INRs that do not conform to the clinical presentation.
Simple withholding of anticoagulation and waiting for the INR to fall within the therapeutic range is a commonly employed measure by physicians in excessively anticoagulated patients who have no significant bleeding.
In the present study, on 43 (86%) occasions when the INR was C5 in non-bleeding patients, conservative management was done by discontinuing or reducing the dose of the anticoagulant. The anticoagulant was stopped on 32 occasions, dose reduction was done on ten occasions, while there was no documentation available for one patient.
Standard recommendation for managing patients with INR between 5.0 and 9.0 includes omitting or lowering the dose of anticoagulant, monitoring the INR more frequently and resuming therapy at a lower dose when INR is at therapeutic level [4, 6, 9] . In our study, among the 32 patients in whom anticoagulation was discontinued, the therapy was restarted with a reduced dosage in 26 patients.
The conclusion from two large case-series in excessively anticoagulated patients with INR [ 6.0 was that conservative treatment of non bleeding patients was safe and more cost effective than administration of vitamin K [4, 10] .
Lousberg et al. studied 301 episodes of excessive anticoagulation (INR [ 6.0) among 248 patients. Eighty-three percent of the (83%) patients were managed conservatively by temporary discontinuation of warfarin sodium therapy until the INR was in a therapeutic range. Only two episodes (0.8%) of major bleeding were seen in the patients managed conservatively [4] .
Glover and Morrill retrospectively reviewed 51 patients with high INRs. Forty-eight (94%) patients included in their study were managed conservatively, and only three (6%) received phytonadione. Conservative management was shown to be safe and cost-effective when the INR was between 6.0 and 10.0 [10] .
A retrospective review in 85 patients who were overanticoagulated with INR of C6.0 showed that 20% of the patients who received vitamin K therapy experienced no difference in the clinical outcome compared with those managed conservatively. Conservative management of critically high INR values appeared to be as efficacious as intervention with vitamin K therapy [11] .
The risk of bleeding in patients on anticoagulants rises significantly with age and with the achieved intensity of anticoagulation, and is dependent on the type of coumarin derivative that is used [12] . In our study however, the mean age of patient who had bleeding was 41.7 years compared to the overall mean of 50.3 years in all patients with INR C 5. In nearly all (98%) of the episodes of excessive anticoagulation in our study, the patients were on nicoumerol derivatives.
In a study by Hyleck et al., [13] 5 of 114 asymptomatic patients with INR [ 6 who were managed with temporary warfarin withdrawal developed major or life threatening bleeding within 2 weeks of their elevated INR value being recorded. None of the 43 patients with high INR in our study who were managed conservatively had bleeding complications.
Two patients in the present study with high INR who were asymptomatic and in whom anticoagulation was stopped were given vitamin K. There was no morbidity in these patients. [3, 14, 15] .
In the present study, six (12%) of the patients developed major bleeding while one (2%) patient had a minor bleed. There was no mortality in the present study.
Murphy et al. audited 131 patients with INR [ 8.0. In their study, 12.9% of the patients had bleeding which is comparable to our study [16] .
In the study by Hylek et al. in 114 patients with INR of more than 6.0, 8.8% of the patients had significant bleeding similar to our findings. However, two of the patients with major bleed in their study expired [13] .
In all six (12%) patients in our study who had major bleeds following excessive anticoagulation, the anticoagulants were withdrawn. Two of the patients were given intravenous vitamin K, FFP and packed red cell transfusion. One patient was given vitamin K and FFP while another patient was transfused FFP and packed red cells. In two of the patients with major bleeds, other than stopping the anticoagulant drug, no other intervention was done. Despite the variable therapeutic modalities followed in patients with major bleed (including simple withholding of the anticoagulant therapy in two patients), no significant morbidity or mortality was seen in any patient.
In our study, the therapeutic intervention in over anticoagulated patients who had bleeding was in compliance with standard guidelines. In patients with significant bleeding due to excessive anticoagulation, the drug should be stopped and vitamin K should be administered along with FFP or packed red cells depending on the degree of bleeding and presence of associated risk factors [6] .
In the lone patient with minor oral bleed, the anticoagulant was temporarily discontinued which lead to cessation of bleeding.
Duration of anticoagulant treatment in four of the seven patients with bleeding was less than 2 months. In a study in 65 patients with INR C 6.0 when compared to the control group, high-INR patients were significantly more likely to have been anticoagulated for less than 6 months [11] .
Among the seven patients who had bleeding while on anticoagulation, of the last 4 INRs analyzed, three patients had no INR in the therapeutic range, one patient had only one INR in the therapeutic range while another patient had all four INRs in the therapeutic range. No INR monitoring prior to the high INR was done in one patient while documentation of the INR was not available in one patient.
In our study, two patients were on concomitant antiplatelet drugs (aspirin and clopridogrel) while one patient was on low molecular weight heparin. One patient had cirrhosis of the liver. None of these patients had bleeding complications.
In a review of 85 episodes in over-anticoagulated patients with INR of C6.0, compared to the control group, high-INR patients were significantly more likely to manifest the presence of alcoholism or liver disease, and to have had the addition of a medication known to interact with warfarin [11] .
Our study being a retrospective analysis has some limitations. Since the high INR values were rechecked on only four occasions, laboratory errors rather than actual excessive anticoagulation could have played a role. Also, the role of drug and dietary interactions was difficult to ascertain from the case records.
Conclusions
Majority of the patients who had excessive anticoagulation were managed conservatively by withholding the anticoagulant drug. Patients who had bleeding were given vitamin K, FFP and blood transfusion wherever indicated. Overall management strategy of patients with high INR was in compliance with standard recommendations.
